The initial stage of bloom formation of cyanobacteria was investigated in Hirosawa-no-ike Pond, Kyoto, Japan, from February to May 2006. This pond is prone to periodic heavey blooms of cyanobacteria from spring to autumn, despite the complete draining of water for more than two months every winter. The dominant types of cyanobacteria in the bloom were Aphanizomenon flos-aquae from February to March, followed by Microcystis spp. in April. The planktonic populations of Microcystis spp. increased continuously during April when the water temperature was in the range of 12.0-17.3°C, which was almost below the growth threshold for most Microcystis species. An incubation experiment revealed that the recruitment of Microcystis colonies from the pond sediment increased with temperature, especially at and above 15°C. Recruitment of Anabaena trichomes was also observed, but there was no clear relationship between water temperature and trichome densities of Anabaena spp. The M. aeruginosa colonies in the sediment in winter were likely to be dormant, as implied by the invariable frequencies of the division of cells throughout a day. These results suggest that once water temperature exceeded the growth threshold of Microcystis species, the recruitment of the colonies is enhanced and a bloom is formed by both conspicuous recruitment and active growth.
Introduction
The development of harmful cyanobacterial blooms in eutrophic lakes, reservoirs and ponds has become a global water quality issue. Researchers are particularly interested in why cyanobacteria can exclusively dominate the plankton community during warm seasons. Their ecophysiological characteristics have been investigated to understand the mechanism of cyanobacterial bloom formation. A distinguishing feature of cyanobacteria that explains their competitive dominance among some plankton communities is their cell buoyancy. This enables cyanobacteria to occupy near-surface waters that are suitable for photosynthesis, and their bloom can simultaneously result in a higher magnitude of light and CO 2 limitation for other phytoplankters (Humphries & Lyne 1988 , Zohary & Breen 1989 , Ibelings & Maberly 1998 . Hence, the buoyancy of cyanobacteria is undoubtedly critical for maintaining their pre-eminent position after they become dominant.
Cell buoyancy is also a major factor in inducing the cyanobacterial phase transition from a benthic to planktonic lifestyle, and vice versa. Therefore, research on environmental factors that affect buoyancy is fundamental in understanding the mechanism of formation and degradation of cyanobacterial blooms. The effects of environmental factors on the physiology of cyanobacteria seem to be fairly complicated, especially during initiation of the bloom. Many planktonic cyanobacteria have a benthic resting stage in their life cycle, which enables them to survive under unfavorable environments, and the cyanobacteria typically enter this stage during winter. The filamentous nostocalean genera such as Anabaena and Aphanizomenon, can generate thick-walled resting spores called akinetes in response to deteriorating external conditions (Lee 1999) . Although colonial Microcystis, one of the most common genera in temperate, subtropical and tropical waters all over the world, does not produce any specialized resting spores, its planktonic colonies settle to the sediment at the end of the blooming period and turn into inactive 'dormant' colonies. Takamura et al. (1985) reported a discontinuous linear relationship between temperature and the maximum photosyn-thetic rate of M. aeruginosa (Kützing) Kützing in Lake Kasumigaura, Japan, and concluded that the physiological status of M. aeruginosa completely changes at 11°C. However, overwintering Microcystis colonies quickly respond to the increase in temperature, and exhibit photosynthetic activity (Takamura et al. 1984) .
The initial stage of the water bloom includes (i) germination of akinetes or activation of dormant colonies, (ii) recruitment of vegetative cells to the water column, and (iii) establishment of a sufficient minimum level of biomass in the water to maintain the population. The roles or importance of some factors change through this process. For example, the cell buoyancy of the cyanobacteria before the termination of the resting stage is opposite to that after it. Furthermore, interspecific competition becomes important in determining the viability of cyanobacteria following their emergence in the water column (Jensen et al. 1994 , Sukenik et al. 2002 . Therefore, intensive field surveys at the initial stage of the bloom, as well as physiological studies of the effects of certain environmental factors on cyanobacteria are necessary to evaluate their roles in affecting the ecophysiological conditions of cyanobacteria before they establish an important niche in the summer plankton community.
The aim of the present study was to investigate the effects of environmental factors, especially water temperature, that control the recruitment of cyanobacteria from the sediment in spring. The investigation was carried out at a pond that experiences annual drainage and refilling of water, such that the recruitment of cyanobacteria from the sediment is thought to play a central role in the formation of blooms. Such an environment is atypical of habitats in which cyanobacteria normally form blooms, but it is expected to provide a valuable opportunity to investigate the factors that are important in determining the recruitment of cyanobacteria from the sediment.
Materials and Methods

Study site
The field survey was carried out at Hirosawa-no-ike Pond (surface area 14 ha, mean depth 1 m), located in Kyoto, central Japan (Fig. 1) . This pond is classified as eutrophic with massive cyanobacterial blooms from spring to autumn, which are dominated by Microcystis spp., Anabaena spp. and Planktothrix raciborskii (Woloszynska) Anagnostidis & Komárek (Tsukada 2006 , Yamamoto & Nakahara 2009 ). Management of the pond is based on fish cultivation, and the pond is filled with water from mid-February to late November during the cultivation period. To harvest cultivated fish, the water level of the pond is gradually lowered from November, and the pond is usually drained completely by the end of the month. Accordingly, a large area of pond sediment is exposed to air until mid-February. The water that is introduced to the pond in February comes from the Osawano-ike Pond (Tsukada 2006) , which is located about 600 m northwest of the Hirosawa-no-ike Pond. The phytoplankton community in Osawa-no-ike Pond during winter is typically dominated by the cyanobacterium Aphanizomenon flosaquae var. klebahnii Elenkin (Yamamoto 2009 ). The water level of Hirosawa-no-ike Pond reaches a maximum in early March.
Sediment analysis
Sixteen sediment samples approximately 5 cm thick were collected from the east part of the pond (Fig. 1 ) on 18 February 2006 by sticking glass cylinders (diameterϭ10 mm, lengthϭ120 mm) into the sediment surface. Water had already begun to be introduced to the pond at this time, but the water had not reached the sampling points. Samples were transported to the laboratory within 1 hour. Sediment samples (30-148 mg) were taken out from both the 0-1 cm and 1-2 cm surface layers, and put on a glass Petri dish to be dried at 60°C for 24 hours. The water content in the sediment was calculated from the difference of the weight (to the nearest 0.01 mg) of the sediment before and after drying. Moreover, sediment samples (19-95 mg) were suspended in 4 mL distilled water, and population densities of identifiable cyanobacteria in the same sediment samples were measured under an inverted microscope (Nikon ECLIPSE TE300, Tokyo, Japan).
To investigate the vertical distribution of Microcystis colonies in the sediment, sediment samples were taken from three points in the southwest part of the pond (Fig. 1 points (the water level at the sampling points was less than 10 cm). Sediment samples were taken from four layers (0-1 cm, 1-2 cm, 2-3 cm and 3-4 cm), and water content and population density of Microcystis spp. were determined.
Water sampling and measurements
Water samples were taken weekly from February to May 2006 from the surface at Stn 1 (35°01Ј31.9ЉN, 135°41Ј20.7ЉE, see Fig. 1 ) using a 2-L plastic bucket; the temperature and pH were measured using a mercury thermometer and B-212 compact pH meter (Horiba, Kyoto, Japan), respectively. Then, water was poured into a 300-mL polyethylene bottle to measure its nutrient concentrations and count the plankton -P in the water filtered through a Whatman GF/C filter were determined using a spectrophotometer (Shimadzu UV-1700, Kyoto, Japan) by the methods of Mullin & Riley (1955) , Bendschneider & Robinson (1952) , Sagi (1966) and Murphy & Riley (1962) , respectively. The aforementioned Whatman GF/C filter were used to measure the chlorophyll a concentration using a fluorometer (Turner Designs Model 10-AU 005, Sunnyvale, California, USA) following extraction in 90% acetone. Cyanobacterial population densities were measured under an inverted microscope.
Incubation experiment
On 18 February 2006, to examine the effect of temperature on the recruitment of cyanobacteria from the sediment surface, five sediment samples were collected from a definite fixed point (within 20 cmϫ20 cm, Fig. 1 ) in the southeast part of the pond using transparent plastic cylinders (diameterϭ20 mm, lengthϭ90 mm). Samples with thicknesses of 1.2 to 1.5 cm were taken by sticking the cylinders into the sediment surface. Each cylinder, containing a sediment sample at one end, was attached vertically to a plastic Petri dish (90 mm) with quick-drying glue and wax, and 15 mL of distilled water was poured slowly into each cylinder. The tops of the cylinders were covered with aluminum foil. They were incubated in a temperature gradient incubator at 5, 10, 15, 20 and 25°C, with a supply of 50 mmol photons m Ϫ2 s Ϫ1 on a 12 h : 12 h LD cycle. In a pre-examination at 25°C, 1 mL of water withdrawn from the surface typically contained far more cyanobacteria than in the 1 mL of surface water withdrawn subsequently from the same cylinder, suggesting that recruited cyanobacteria tended to be distributed close to the water surface and could therefore be effectively collected by taking small amounts of surface water. Accordingly, 1 mL of water was withdrawn every other day from the surface with a micropipette to collect cyanobacteria accumulated close to the surface of the water. After surface water was extracted, 1 mL of distilled water was added carefully so as not to disturb the sediment. All cyanobacterial colonies in the 1 mL samples were counted under an inverted microscope.
The results of the experiment showed that the recruitment of Microcystis colonies was limited at 5°C and 10°C, and was enhanced at 20°C and 25°C (see Results). Hence, an extended incubation was performed to investigate the effect of temperature on the recruitment of cyanobacteria in more detail. After the sampling had been completed on day 20, each cylinder, except for that at 15°C, was moved to a chamber that was 15°C higher or lower: the cylinders that were incubated at 5, 10, 20 and 25°C for the first 20 days were moved to other chambers with temperatures of 20, 25, 5 and 10°C, respectively, but the cylinder that was incubated at 15°C was left in the same chamber. Similar sampling and enumeration of cyanobacteria was restarted from day 22, and performed every other day until day 40. After the sampling was completed on day 40, the cylinders at 5 and 10°C were placed back in the original temperature chambers, at 20 and 25°C, respectively, and the sampling and enumeration of cyanobacteria was performed every other day until day 50.
FDC evaluation
The diel change in the frequency of dividing cells (FDC) is a simple and accurate index of the in situ growth activity of Microcystis species, which typically varies in response to the light-dark cycle (Tsujimura 2003 , Tsukada 2006 . To evaluate the growth activity of M. aeruginosa, the dominant cyanobacteria species in the sediment, its FDC change was examined every 2 hours from 12:00 on 30 January 2007 to 12:00 on 31 January 2007. Sampling was performed at a well-wetted point (Stn 2, 35°01Ј33.9ЉN, 135°41Ј30.4ЉE, see Fig. 1 ) where cyanobacteria are likely to survive because of the high water content. The air temperature and irradiance were measured using a mercury thermometer and a LI-1000 DataLogger (LI-COR, Nebraska, USA), respectively. Small amounts of surface sediment were sampled using a stainless spatula from a definite fixed point (within an area of 20 cmϫ20 cm). Each sample was immediately suspended in 10 mL of distilled water in a screw-capped test tube (18ϫ120 mm), and fixed with glutaraldehyde at a final concentration of ca. 1%. Only the colonies of M. aeruginosa were picked up from under an inverted microscope using a capillarized Pasteur pipette, and collected in a test tube with 1 mL of distilled water. Sonication (MUS-20, EYELA, Tokyo, Japan) at a frequency of 38 kHz and an output power of 250 W was run for more than 1 minute to disperse the M. aeruginosa colonies completely into the constituent particles. The cell status was observed under an inverted microscope and the percentage of dividing cells was calculated as 100D/(SϩD), where D and S are the numbers of dividing cells and single cells, respectively.
Results
Distribution of cyanobacteria in the sediment
Water content of the surface sediment on 18 February Recruitment of cyanobacteria from the sediment ranged from 22.5-64.0% in the 0-1 cm layer and 19.8-57.9% in the 1-2 cm layer (Fig. 2) . Only colonies of Microcystis spp. were identified in the sediment samples. Vital colonies of Microcystis spp. were rarely observed in either layer when the water content was less than 37.2%, whereas the appearance ratio and density increased at and above 39.9%. The highest Microcystis colony density was 1.1ϫ10 5 colonies g
Ϫ1
. It appeared that water content decreased with depth (Table 1) . The layer in which the largest number of vital Microcystis colonies existed was the 1-2 cm layer. Most of the Microcystis colonies occurred within the 0-3 cm layer, and the colony density in the 3-4 cm layer was less than 5%. Figure 3 shows the changes in temperature, pH and concentrations of nutrients and chlorophyll a at the surface of the Hirosawa-no-ike Pond. The water temperature increased with the air temperature (Fig. 3A) . The water temperature fluctuated between 6.9°C and 15°C from 18 February to 22 April, and exceeded 17.3°C after 29 April. The pH value fluctuated between 6.9 and 10.3 (Fig. 3B) . The concentration of NO 3 Ϫ -N was relatively high from February to midApril, but was low during May (Fig. 3C) rapidly on 8 April (Fig. 3D) . It started to increase from late May. The concentration of chlorophyll a reached a peak of 144.9 mg L Ϫ1 on 11 March (Fig. 3E) . After a period of decline, it increased again and two peaks were observed on 29 April (92.9 mg L
Changes in physicochemical conditions and population densities of cyanobacteria
Ϫ1
) and 20 May (183.8 mg L Ϫ1 ). Colonies of M. aeruginosa and M. viridis (A. Brown) Lemmermann were already observed in the water on 18 February, and their densities increased rapidly on 25 February (Fig. 4A) , respectively (data not shown). The colony densities of Microcystis spp. were positively correlated with both water temperature and chlorophyll a concentration (Table 2) 
Effect of temperature on recruitment of cyanobacteria from the sediment
During the first 20 days of incubation, the recruitment of Anabaena spp. was constant at or above 10°C, although the number of recruited trichomes was low (Fig. 5) . However, the recruitment of Microcystis colonies increased with temperature. After cylinders that were incubated in chambers at 5°C and 10°C were moved to chambers with high temperatures, the recruitment of cyanobacteria accelerated, although the main genera were different; the recruitment of Microcystis colonies was enhanced at 20°C (Fig. 5A ), but the recruitment of Anabaena spp. began to increase markedly from the middle of the incubation period at 25°C (Fig. 5B) . At 15°C, Microcystis colonies and Anabaena trichomes were constantly recruited until day 22; they were recruited occasionally thereafter. (Fig. 5C ). The recruitment of cyanobacteria in the cylinders placed in chambers at 20°C and 25°C was strongly suppressed after they were moved to chambers with low temperatures, but the recruitment of Microcystis spp. was again observed when they were placed back in the chambers with high temperatures on day 40 (Fig. 5D, E) . The so-called 'recruited cyanobacterial colonies' in this experiment should be regarded as the combined results of colonies that have been recruited, resettled, divided and grazed by zooplankton (rotifers such as Polyarthra sp. and Lepadella sp., and only occasionally cyclopoid copepods were observed). Anabaena consisted mainly of An. crassa and An. flos-aquae. Anabaena reniformis Lemmermann and An. macrospora Klebahn also appeared, but their amounts were almost negligible. Microcystis aeruginosa accounted for most of the Microcystis species, and the contribution of other species (M. viridis and M. wesenbergii) was much lower (0-20%). Plank- tothrix raciborskii occured at very low frequency with a constant density of 1 trichome mL Ϫ1 (data not shown). The increase in the green alga Spirogyra sp. at the sediment surface was observed in the cylinders incubated at 5°C and 10°C from day 20 to day 40.
Diel change in FDC of M. aeruginosa
The winter of 2007 was very warm, beating records, and the air temperatures at 12:00 and 14:00 on 30 January exceeded 15°C, but the temperature fell rapidly, reaching 2°C at 6:00 on 31 January. It then sharply increased at 10:00. Strong irradiance (1,684 mmol photons m Ϫ2 s Ϫ1 ) was measured at 12:00 on 30 January, but it fell to 112 mmol photons m Ϫ2 s Ϫ1 at 16:00 and was below the detection limit from 18:00 to 6:00 on 31 January. The water content of the top-layer sediment was 56.2%, with colonies of M. aeruginosa, M. viridis and M. wesenbergii at densities of 4,700, 560, and 2,800 colonies g Ϫ1 , respectively. The FDC of M. aeruginosa in the sediment was almost constant, and the values ranged from 10.6 to 11.9% throughout the study period (data not shown).
Discussion
The importance of the cyanobacterial seed population as inocula for the planktonic population in the warm season varies among species and fields. For example, in Green Lake in USA, the seed population of Gloeotrichia echinulata (JE Smith) Richter accounted for 40% of the planktonic population, but Anabaena spp. and Aphanizomenon flos-aquae were responsible for less than 2% and Microcystis aeruginosa was responsible for a negligible proportion of the planktonic population (Barbiero & Welch 1992) . Tsukada et al. (2006) suggested that planktonic populations of An. crassa and M. aeruginosa more or less relied on recruitment from the benthic population in Lake Yogo, Japan, but the contribution of the Ap. flos-aquae seed population was negligible. In the Hirosawa-no-ike Pond, the water is drained completely in the winter months. Therefore, the first appearance of planktonic populations of cyanobacteria should be due to recruitment from the sediment or the water supply source. The plankton community in the Osawa-noike Pond during the winter of 2006 was dominated by Ap. flos-aquae with no detectable populations of any other cyanobacteria, such as Anabaena spp. or Microcystis spp. (Yamamoto 2009 ). Therefore, it is quite likely that Ap. flosaquae observed in the Hirosawa-no-ike Pond from February to April in 2006 originated from the Osawa-no-ike Pond. As for Microcystis species, colonies that survived in the moist surface sediment during winter were the inocula. Aphanizomenon flos-aquae seemed to be able to grow until mid-March in the Hirosawa-no-ike Pond, but was suppressed after the amount of Microcystis spp. began to increase. However, whether the decline in the Ap. flos-aquae population was caused by competitive inferiority to Micro- cystis spp. remains unknown, because the water temperatures in April (9.9-17.3°C) were probably not sufficiently high to support the growth of Microcystis spp. (Tsukada 2006) . Cyanobacteria and phytoplankton can utilize both NO 3 Ϫ -N and NH 4 + -N, but the dominant form of nitrogen can be a selective force in determining which plankton dominates in the water. Blomqvist et al. (1994) proposed that a high NO 3 Ϫ -N environment is suitable for the development of phytoplankton, while non-N 2 -fixing cyanobacteria prefer high NH 4 + -N environments. In the Hirosawa-no-ike Pond, much of the inorganic nitrogen is present as NO 3 Ϫ -N, but concentrations often decrease to close to the detection limit. However, the NH 4 + -N concentration is typically much lower than that of NO 3 Ϫ -N throughout the year (Tsukada 2006 ). Under such conditions, Microcystis species, a non-N 2 -fixing cyanobacteria, seem to be able to become dominant due to their high affinity for NH 4 + -N (Yoshida et al. 2007) . In this study, concentrations of both NO 3 Ϫ -N and NH 4 + -N were low after late April when the Microcystis population density became high, implying that these low nitrogen concentrations were caused by the uptake by Microcystis spp. Interestingly, a continuous increase in the NO 2 Ϫ -N concentration was observed until mid-April before the Microcystis population density began to increase. The increase in the NO 2 Ϫ -N concentration may imply that the ambient environment in the water column was reductive during this period. Some previous studies have suggested that anoxic conditions are suitable for the growth or recruitment of Microcystis (Reynolds et al. 1981 , Cáceres & Reynolds 1984 , Trimbee & Harris 1984 . However, this assertion does not seem to apply in Hirosawa-no-ike Pond, as indicated by the strong negative correlation between the Microcystis colony density and the NO 2 Ϫ -N concentration. The effect of NO 2 Ϫ -N or the factor that was responsible for the increase in NO 2 Ϫ -N concentration on the Microcystis population, however, remains to be elucidated. Eutrophic water with a low N : P ratio is not only suitable for the development of cyanobacterial blooms (Smith 1983) , but also can enhance the recruitment of benthic Microcystis populations (Ståhl-Delbanco et al. 2003) . Therefore, the increase in the population density of Microcystis species with decreasing DIN:PO 4 3Ϫ -P observed in this study may support the inference that recruitment of cyanobacteria from the sediment is critical in the initiation of the bloom in the Hirosawa-no-ike Pond.
Although the incubation experiment was not replicated, and the data do not strictly represent the number of recruited cyanobacteria, it provided important clues to the relationship between temperature and the recruitment of cyanobacteria from the sediment. The effect of temperature on the recruitment of Microcystis colonies especially was direct and obvious; the recruitment was enhanced at and above 15°C. This result is consistent with the in situ observation that the population density of Microcystis species in the water increased with water temperature. The upward movement of Microcystis species is obviously regulated by cell buoyancy, and some researchers have suggested a positive effect of temperature on the recovery of buoyancy in Microcystis colonies or an increase in the number of buoyant colonies (Thomas & Walsby 1986 , Tsujimura et al. 2000 , Brunberg & Blomqvist 2003 , Verspagen et al. 2005 . Therefore, Microcystis colonies in the sediment are probably stimulated to become active quickly in response to an increase in temperature. The mean numbers of recruited Microcystis colonies after being placed back in high temperatures on day 40 were far lower than those of the first 20-day incubation period. Notably, the amount of the large filamentous green alga Spirogyra sp. began to increase, covering the sediment surface in these cylinders. Furthermore, numerous Microcystis colonies remained in the sediment after the experiment was complete. In this experiment, the distribution of Microcystis species in the sediment was not examined properly. The number of Microcystis colonies that remained near the sediment surface after 40 days of incubation is unknown; however, the propagation of Spirogyra sp. at the sediment surface is reasonably assumed to have prevented most of the recruitment of Microcystis colonies from day 40 to day 50 of incubation.
In contrast, the mean number of Anabaena trichomes recruited daily during the first 20 days was low and almost independent of temperature-except at 5°C, at which temperature the recruitment of the Anabaena trichomes was strongly restricted. The germination of akinetes and the following cell division are prerequisites to the presence of Anabaena species with identifiable morphology in the water. Baker & Bellifemine (2000) demonstrated that the akinete germination of An. circinalis Rabenhost was promoted at temperatures of over 15°C, and that 10°C was too low. Tsujimura & Okubo (2003) observed a relatively high rate of akinete germination (Ͼ30%) of An. ucrainica (Schkorbatow) M. Watanabe at 11°C, and showed that it could even grow at that temperature, although the specific growth rate was far lower than at higher temperatures such as 26°-32°C. These results strongly suggest that lower temperatures also restrained the recruitment of An. crassa and An. flos-aquae. Previous studies have shown that Anabaena species often exhibit a maximum specific growth rate of around 0.8 d Ϫ1 (Robarts & Zohary 1987 , Rapala & Sivonen 1998 , Tsujimura & Okubo 2003 , such that their cells divide at least once in a day (0.8/ln2Ϸ1.15) under appropriate conditions. Therefore, given sufficient time, the recruitment of Anabaena trichomes is expected to accelerate at high temperatures, which is also ideal for both akinete germination and the growth of Anabaena species (Baker & Bellifemine 2000 , Tsujimura & Okubo 2003 , Kim et al. 2005 . However, in this study, the numbers of recruited trichomes at 20°C and 25°C for the first 20 days were slightly lower than at 10°C and 15°C. The only case in which an extremely large number of Anabaena trichomes was recruited was during the second 20-day period of incubation at 25°C following the 20-day incubation at 10°C. Overall, the temperature and the recruitment of Anabaena trichomes was not clearly related. In the Hirosawa-no-ike Pond, Anabaena species were rarely detected in the water during the study period, in spite of the fact that they were present in the sediment, probably in the form of akinetes. This may suggest that Anabaena is competitively inferior to Microcystis in the pond at least during the pre-blooming period. Tsukada (2006) demonstrated that the FDC of Microcystis species tends to increase in daytime and fall at night in summer and autumn. He also showed that diel variation in the FDC of Microcystis species became irregular in winter. In the present study, the FDC of M. aeruginosa in the sediment surface showed no clear variation, suggesting that the Microcystis population in the sediment in the Hirosawa-noike Pond is virtually dormant during winter. The cyanobacterial colonies that were detected in the water of Hirosawano-ike Pond in February were probably produced mainly by the resuspension of benthic populations due to the flow of water, and most of them settled again until the end of March probably because they were unable to maintain cell buoyancy at low temperatures. During this period, the plankton community was comprised mostly of euglenoids and diatoms, which contributed to the high concentrations of chlorophyll a. A constant increase in the colony density of Microcystis species was observed in April. The water temperatures during this period were less than 17.3°C. Previous studies have demonstrated that the threshold temperatures for the growth of Microcystis species are commonly around 15°C (Robarts & Zohary 1987 , Tsukada 2006 . Since the temperatures for most of April were close to or below the growth threshold, and M. aeruginosa in the sediment was thought to be dormant during winter, the increase in the colony density in the water column during this period was attributed mostly to recruitment from the benthic population. The water content of the pond sediment in February never exceeded 64.0%, but it naturally increases when water is introduced to the pond. If the water content of the sediment reaches around 90%, then Microcystis colonies can migrate upward within the sediment ) and therefore serve as inocula for a planktonic population. The measured colony densities of Microcystis in the pond water during the study period were thought to be within a reasonable range, based on the assumption that recruited colonies accumulated at the water surface, although the number of colonies in the sediment that can actually be recruited to the water column remains to be elucidated. The temperature seemed to be suitable for the growth of Microcystis species after late April, as also suggested by the low concentrations of dissolved inorganic nitrogen; the dormant stage of Microcystis species seemed to have become active by the end of April, and then they began to take up inorganic nitrogen. Therefore, along with recruitment from the sediment, the growth of the planktonic population began to contribute to the increase in the Microcystis colony density after late April. According to the incubation experiment, recruitment of Microcystis colonies at 15°C was prominent compared to at lower temperatures. The constant recruitment of benthic colonies at close to the growth threshold seems to contribute greatly to their quickly acquiring a favorable position in the pond. As the water temperature increases, further recruitment from the sediment as well as the growth of planktonic population are enhanced, soon resulting in the formation of a bloom.
